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ABSTRACT

INTRODUCTION: Hypertension (persistent diastolic blood pressure of 90 mmHg or greater or systolic blood pressure 140 mmHg or greater)
affects 20% to 35% of the world's adult population and increases the risk of cardiovascular disease, end-stage renal disease, and mortality.
METHODS AND OUTCOMES: We conducted a systematic overview, aiming to answer the following clinical question: What are the effects
of selected dietary modification for people with hypertension? We searched: Medline, Embase, The Cochrane Library, and other important
databases up to October 2013 (BMJ Clinical Evidence overviews are updated periodically; please check our website for the most up-to-date
version of this overview). RESULTS: At this update, searching of electronic databases retrieved 669 studies. After deduplication and removal
of conference abstracts, 464 records were screened for inclusion in this overview. Appraisal of titles and abstracts led to the exclusion of
376 studies and the further review of 88 full publications. Of the 88 full articles evaluated, three systematic reviews and three RCTs were
added. We performed a GRADE evaluation for eight PICO combinations. CONCLUSIONS: In this systematic overview, we categorised the
efficacy for five interventions based on information about the effectiveness and safety of calcium supplements, a low-salt diet (including the
DASH diet), magnesium supplements, a Mediterranean diet, and potassium supplements.
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Key points

« Hypertension (persistent diastolic blood pressure of 90 mmHg or greater or systolic blood pressure 140 mmHg or
greater) affects 20% to 35% of the world's adult population, and increases the risk of cardiovascular disease, end-
stage renal disease, and mortality.

« The rising rates of hypertension globally are thought to be due, at least in part, to poor diet and high salt intake.
The intake of fruits and vegetables is low, with national surveys showing less than 30% of Western populations
consuming the recommended five servings daily. The average salt intake in many countries ranges from 3.4 to
12.0 g per day. Numerous guideline bodies advocate dietary modification and salt restriction in concert with other
health behaviours to lower blood pressure and reduce cardiovascular risk.

 Previous versions of this overview evaluated the evidence for the effects of dietary modification, as well as different
antihypertensive drugs for people with hypertension. For this update, we have focused on the evidence from RCTs
and systematic reviews of RCTs on selected dietary modifications in people with hypertension.

« We found no RCT evidence assessing whether dietary modification reduces morbidity or mortality from hypertension
compared with a normal diet.

Mediterranean-style diets may be more effective at reducing blood pressure compared with no or minimal inter-
vention in people with hypertension.

A low-salt diet may reduce blood pressure compared with usual diets in people with hypertension.

We included the DASH diet within this low-salt diet option. The DASH diet contains other elements that may po-
tentially reduce blood pressure (such as high potassium levels).

We do not know whether supplementation with magnesium or calcium is effective in reducing blood pressure.

Potassium supplementation may be more effective in reducing blood pressure compared with placebo or no
supplementation in people with hypertension. A large meta-analysis, which did not meet BMJ Clinical Evidence
inclusion criteria for this overview, found that both increased dietary potassium intake and potassium supplemen-
tation were associated with reduced blood pressure in people with hypertension.

Combinations of potassium plus calcium, potassium plus magnesium, and calcium plus magnesium may be no
more effective than no supplementation in reducing blood pressure.

« RCTs may only provide limited evidence on longer-term outcomes, such as mortality or cardiovascular events, due
to the restricted numbers included in most trials and the length of follow-up needed to identify any differences between
groups. Large observational studies may provide important evidence on these longer term outcomes.
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Clinical context

GENERAL BACKGROUND

Hypertension (persistent diastolic blood pressure of 90 mmHg or greater or systolic blood pressure 140 mmHg or
greater) affects 20% to 35% of the world's adult population and increases the risk of cardiovascular disease, end-
stage renal disease, and mortality. Dietary modification is important to consider because it has the potential to reduce
blood pressure independently from antihypertensive drugs. In patients treated with drugs, successful dietary modifi-
cation can lead to dose or medication reductions. In addition, dietary modification may have benefits over and above
blood pressure reduction, such as improvements in health-related quality of life. g

FOCUS OF THE REVIEW

Dietary modification is an important potential treatment for hypertension. Dietary modifications that are effective and
safe can improve blood pressure control and reduce the need for antihypertensive drugs. If dietary modifications are
made as a component of an overall commitment to a healthier lifestyle, improvements beyond blood pressure reduction
could potentially be realised. There are many diets that have been considered for people with hypertension, including
low fat and low carbohydrate diets, weight-reducing, and vegetarian diets, but we have focused on the following se-
lected dietary modifications for this update: low-salt (including the DASH diet); Mediterranean-style diets; and sup-
plementary calcium, magnesium, or potassium.

COMMENTS ON EVIDENCE

RCTs and systematic reviews of RCTs were evaluated in this overview for establishing efficacy of selected dietary
interventions. Hard clinical endpoints were preferred. However, there were, overall, few studies examining the effect
of dietary modification on cardiovascular disease endpoints and mortality. Thus, the majority of evidence presented
here relates to changes in blood pressure, though this is an established surrogate for cardiovascular disease and
cardiovascular deaths.

SEARCH AND APPRAISAL SUMMARY

The update literature search for this overview was carried out from the date of the last search, December 2007, to

October 2013. A back search from 1966 was performed for the new options added to the scope at this update. For

more information on the electronic databases searched and criteria applied during assessment of studies for potential
relevance to the overview, please see the Methods section. Searching of electronic databases retrieved 669 studies.
After deduplication and removal of conference abstracts, 464 records were screened for inclusion. Appraisal of titles
and abstracts led to the exclusion of 376 studies and the further review of 88 full publications. Of the 88 full articles
evaluated, three systematic reviews and three RCTs were added at this update.

DEFINITION Hypertension, a clinically important elevation in blood pressure, is usually defined in adults as a
diastolic blood pressure of 90 mmHg or greater, or a systolic blood pressure of 140 mmHg or
greater, or use of antihypertensive drugs required to achieve a blood pressure lower than these
levels. @ Bl The WHO defines grade 1 hypertension as systolic blood pressures ranging from
140 to 159 mmHg systolic or 90 to 99 mmHg diastolic, grade 2 hypertension as pressures of 160
to 179 mmHg systolic or 100 to 109 mmHg diastolic, and grade 3 hypertension as pressures
180 mmHg or greater systolic or 110 mmHg diastolic. 5 Systematic reviews consistently show
that treating essential hypertension (namely the elevation of systolic and diastolic blood pressures,
in isolation or combination, with no secondary underlying cause) with antihypertensive drugs reduces
fatal and non-fatal stroke, cardiac events, and total mortality compared with placebo in those with
severe hypertension or high cardiovascular risk owing to age or other comorbid risk factors. M B
! There is considerable interest in evaluating the role of non-pharmacological therapy in reducing
blood pressure, especially as lifestyle factors are significantly associated with the development of
essential hypertension. The rising rates of hypertension globally are thought to be due, at least in
part, to poor diet and high salt intake. Intake of fruits and vegetables is low, with national surveys
showing less than 30% of Western populations consuming the recommended five servings daily.
B The average salt intake in many countries ranges from 3.4 to 12.0 g per day. Higher sodium
intakes, estimated by spot urine measures, are associated with higher blood pressure particularly
in older adults and people with hypertension. I Estimated sodium intakes of 6 g or more per day
in people with hypertension were associated with increased cardiovascular events. 1% Numerous
guideline bodies advocate dietary modification and salt restriction in concert with other health be-
haviours to lower blood pressure and reduce cardiovascular risk. This overview, therefore, focuses
on the effect of treating hypertension with dietary modifications compared with placebo, normal
diet, or other treatment options included in this overview. Dietary modification is important to con-
sider because it has the potential to reduce blood pressure without the need for antihypertensive
drugs. In patients treated with drugs, successful dietary modification can lead to dose or medication
reductions. In addition, dietary modification may have benefits over and above blood pressure re-
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duction, such as improved health-related quality of life. M This overview includes studies on people
with essential hypertension but with no diagnosis of coronary heart disease, renal disease, periph-
eral vascular disease (PVD), angina, stroke, transient ischaemic attack (TIA), myocardial infarction
(MI), or heart failure. This overview excludes studies that only included people with diabetes. Diag-
nosis Itis usually recommended that clinicians diagnose hypertension only after obtaining at least
two elevated blood pressure readings at each of at least two separate visits over a period of at
least 1 week. P! This recommendation follows the pattern of blood pressure measurement in the
RCTs of antihypertensive treatment, and represents a compromise between reliable detection of
elevated blood pressure and clinical practicality.

INCIDENCE/
PREVALENCE

High blood pressure is the leading cause of death and disability in the world. ™ It affects 20% to
35% of adults aged 25 years or older globally. 2 The incidence of hypertension is higher in devel-
oping countries than developed countries and more prevalent in certain ethnic groups than others.
The incidence of hypertension is expected to increase globally by 60% by the lyear 2025 due to
rapid nutritional shifts, increasing life expectancies, and population growth. ¥ 14

AETIOLOGY/
RISK FACTORS

Identified risk factors for hypertension include advancing age, sex, poor diet, excess salt intake,
excess alcohol intake, physical inactivity, stress, obesity, obstructive sleep apnoea, chronic kidneg/
disease and underlying genetic predisposition, and psychological and social characteristics. ()
In addition, certain ethnic groups, such as non-Hispanic black people, are at higher risk of hyper-
tension and earlier onset of hypertension. el

PROGNOSIS

People with hypertension have a two- to four-times increased risk of stroke, Ml, heart failure, and
peripheral vascular disease than those without hypertension. (7l Additionally, they have an increased
risk of dementia, end-stage renal disease, retinopathy, aortic aneurysm, and early mortality. 18]
(el 1200 2 22 e pelative risk of adverse events associated with hypertension is continuous
and graded. I The absolute risk of adverse outcomes from hypertension can be multiplied in the
presence of other cardiovascular risk factors, including smoking, diabetes, and abnormal blood
lipid levels, as well as the degree of blood pressure elevation. 23" Even modest elevations in blood
press[%e in young adulthood are associated with increased risk of cardiovascular events in middle
age.

AIMS OF
INTERVENTION

To reduce morbidity and mortality from hypertension, with minimum adverse effects.

OUTCOMES

Mortality (all cause and cardiovascular); cardiovascular events (incidence of fatal and non-fatal
cardiovascular events including coronary, cerebrovascular, renal, and heart failure); surrogate
outcomes (includes change in levels of individual risk factors, such as blood pressure, that we
only report when morbidity- and mortality-related outcomes are not available); adverse effects.

METHODS

Search strategy BMJ Clinical Evidence search and appraisal date October 2013. Databases used
to identify studies for this systematic overview include: Medline 1966 to October 2013, Embase
1980 to October 2013, The Cochrane Database of Systematic Reviews 2013, issue 10 (1966 to
date of issue), the Database of Abstracts of Reviews of Effects (DARE), and the Health Technology
Assessment (HTA) database. Inclusion criteria Study design criteria for inclusion in this system-
atic overview were systematic reviews and RCTs published in English, at least single-blinded, and
containing more than 20 individuals, of whom more than 80% were followed up. There was no
minimum length of follow-up. We excluded all studies described as 'open’, ‘open label', or not
blinded unless blinding was impossible. BMJ Clinical Evidence does not necessarily report every
study found (e.g., every systematic review). Rather, we report the most recent, relevant, and
comprehensive studies identified through an agreed process involving our evidence team, editorial
team, and expert contributors. Evidence evaluation A systematic literature search was conducted
by our evidence team, who then assessed titles and abstracts, and finally selected articles for full
text appraisal against inclusion and exclusion criteria agreed a priori with our expert contributor.
In consultation with the expert contributor, studies were selected for inclusion and all data relevant
to this overview extracted into the benefits and harms section of the overview. In addition, information
that did not meet our pre-defined criteria for inclusion in the benefits and harms section may have
been reported in the 'Further information on studies' or 'Comment’ sections (see below). Adverse
effects All serious adverse effects, or those adverse effects reported as statistically significant,
were included in the harms section of the overview. Pre-specified adverse effects identified as
being clinically important were also reported, even if the results were not statistically significant.
Although BMJ Clinical Evidence presents data on selected adverse effects reported in included
studies, it is not meant to be, and cannot be, a comprehensive list of all adverse effects, contraindi-
cations, or interactions of included drugs or interventions. A reliable national or local drug database
must be consulted for this information. Comment and Clinical guide sections In the Comment
section of each intervention, our expert contributors may have provided additional comment and
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analysis of the evidence, which may include additional studies (over and above those identified
via our systematic search) by way of background data or supporting information. As BMJ Clinical
Evidence does not systematically search for studies reported in the Comment section, we cannot
guarantee the completeness of the studies listed there or the robustness of methods. Our expert
contributors add clinical context and interpretation to the Clinical guide sections where appropriate.
Structural changes this update At this update, we have removed the following previously reported
question: What are the effects of different antihypertensive drugs for people with hypertension?
For the question: What are the effects of selected dietary modification for people with hypertension?,
we have removed the option Fish oil supplement and added the new option Meditarranean-style
diet. Data and quality To aid readability of the numerical data in our overviews, we round many
percentages to the nearest whole number. Readers should be aware of this when relating percent-
ages to summary statistics such as relative risks (RRs) and odds ratios (ORs). BMJ Clinical Evidence
does not report all methodological details of included studies. Rather, it reports by exception any
methodological issue or more general issue that may affect the weight a reader may put on an in-
dividual study, or the generalisability of the result. These issues may be reflected in the overall
GRADE analysis. We have performed a GRADE evaluation of the quality of evidence for interven-
tions included in this overview (see table, p 15). The categorisation of the evidence (high, moderate,
low, very low) reflects the quality of the evidence available for our chosen outcomes in our defined
populations of interest. These categorisations are not necessarily a reflection of the overall
methodological quality of any individual study, because the BMJ Clinical Evidence population and
outcome of choice may represent only a small subset of the total outcomes reported, and population
included, in any individual trial. Further details of how we perform the GRADE evaluation and the
scoring system we use can be found on our website (http:/clinicalevidence.bmj.com).

(ol]SSyR[e]\Il \What are the effects of selected dietary modification in people with hypertension?

OPTION MEDITERRANEAN-STYLE DIET

Blood pressure

Mediterranean-style diet compared with normal diet Mediterranean-style diets may be more effective at reducing
blood pressure compared with no or minimal intervention (i.e., normal diet) in people with hypertension (low-quality
evidence). Note: we found no direct information from RCTs about the effects of Mediterranean diet on mortality or
cardiovascular events in people with hypertension.

For GRADE evaluation of interventions for primary prevention of CVD: treating hypertension, see table, p

15.

Benefits:

Harms:

Mediterranean diet versus normal diet:

Mortality

We found one systematic review (search date 2012), **" which found no RCTs that assessed the
effect of Mediterranean diet versus normal diet on mortality.

Cardiovascular events
We found one systematic review (search date 2012), which found no RCTs that assessed the
effect of Mediterranean diet versus normal diet on cardiovascular events.

[25]

Blood pressure

We found one systematic review (search date 2012, 11 RCTs, 52,044 people), which found two
RCTs (275 people) assessing the effect of Mediterranean diet versus control (no intervention or
minimal intervention [i.e., maintenance of usual diet]) on blood pressure. *® The first RCT (95
overweight or obese people with untreated hypertension; systolic blood pressure 130-159 mmHg,
diastolic blood pressure 85—-99 mmHg) found that a Mediterranean diet significantly reduced mean
change from baseline in systolic (-11.2 mmHg with Mediterranean diet v —3.4 mmHg with no inter-
vention: mean difference —7.80 mmHg, 95% CI —12.11 to —3.49; P value not reported) and diastolic
(=7.5 mmHg with Mediterranean diet v —3.8 mmHg with control: mean difference —3.70 mmHg,
95% CI —6.10 to —1.30; P value not reported) blood pressures compared with control at 4 months.
The second RCT (180 people with metabolic syndrome and elevated blood pressure 130/85 mmHg
or higher) found that a Mediterranean diet significantly reduced mean change from baseline in
systolic (-4 mmHg with Mediterranean diet v —1 mmHg with minimal intervention: mean difference
—3.00 mmHg, 95% CI —3.46 to —2.54; P value not reported) and diastolic (-3 mmHg with Mediter-
ranean diet v —1 mmHg with minimal intervention: mean difference —2.00 mmHg, 95% Cl —2.29 to
—1.71; P value not reported) blood pressures compared with minimal intervention (general advice)
at 2 years.

. . - 2
The review gave no information on adverse effects. [25]
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Comment:

All RCTs included in the review (11 RCTs) presented data on dietary advice to follow a Mediter-
ranean-style diet for the primary prevention of cardiovascular disease in people with and without
hypertension. The authors of the review did not carry out a meta-analysis because of substantial
heterogeneity identified across the studies and because of the small trial effect differences observed
between fixed- and random-effects models. Data relating specifically to people with hypertension
were limited to two RCTs out of the 11 RCTs included in the review. Level of masking of participants
and key personnel in the identified RCTs were unclear. (28]

Although observational studies demonstrate that those with greater adherence to a Mediterranean
style diet have lower mortality and development of CVD, 28 our overview did not identify any ran-
domised trials evaluating these endpoints in patients with hypertension. In the Women's Health
Initiative, 48,835 post-menopausal women (43% had a previous diagnosis of hypertension) were
randomised to intensive behaviour modification to reduce total fat intake, increase fruit and vegetable
intake to five servings/day, and increase grains to six servings/day, or usual diet. After a 6-year
follow-up, there was no significant difference in the incidence in coronary heart disease or stroke
between the groups. 21

Since the date of this overview, however, the PREDIMED trial results were published. ¥ The trial
included 7447 men and women aged between 55 and 80 years who were at high risk for CVD
(82% had hypertension). The participants were randomised to a Mediterranean-style diet (MD)
supplemented with extra-virgin olive oil (MD+EVOO), MD supplemented with mixed nuts (MD+nuts:
walnuts, almonds, and hazelnuts), or the control diet (low-fat diet). After a mean of 4.8 years follow-
up, patients randomised to the MD had significantly lower risk of major cardiovascular endpoints
(myocardial infarction, stroke, or cardiovascular death). Collectively, these studies indicate that a
Mediterranean-style diet is likely to be beneficial based on evidence for blood pressure lowering
and some emerging evidence on cardiovascular benefits in high-risk patients.

Clinical guide

Mediterranean-style diets typically include a higher than usual intake of fruit, vegetables, whole
grains, and unsaturated fatty acids, lower consumption of red meat, greater consumption of fish,
and moderate intake of dairy products.

OPTION LOW-SALT DIET (INCLUDING THE DASH DIET)

Blood pressure

Low-salt diet compared with usual salt intake Low-salt diets seem more effective at reducing blood pressure compared
with usual diets in people with hypertension (low-quality evidence). Note: we also included the DASH diet within this
low-salt diet option. The DASH diet contains other elements that may potentially reduce blood pressure (such as
higher potassium levels). We found no direct information from RCTs about the effects of actual dietary sodium reduction
(rather than advice to reduce sodium) on mortality or cardiovascular events in people with hypertension.

For GRADE evaluation of interventions for primary prevention of CVD: treating hypertension, see table, p

15.

Benefits:

Low salt versus usual salt intake:

Mortality

We found no systematic review or RCTs examining the effect of actual sodium reduction (rather
than advice to reduce sodium) on mortality in people with hypertension.

Cardiovascular events
We found no systematic review or RCTs examining the effect of actual sodium reduction (rather
than advice to reduce sodium) on cardiovascular events in people with hypertension.

Blood pressure

We found one systematic review (search date 2012, 22 RCTs, 990 people with hypertension),
which assessed the effect of salt reduction on blood pressure. 29 We also found one subsequent
RCT B% and one additional RCT. B

The systematic review found that a 75 mmol reduction in daily salt intake (range —117 mmol to
—53 mmol) significantly reduced blood pressure compared with patients in the usual salt intake
(median 9.5 g/day) group over a median 5 weeks (range 4 weeks to 1 year; 21 RCTs, 966 people;
mean difference in systolic blood pressure: —=5.39 mmHg, 95% CI —6.62 mmHg to —4.15 mmHg;
P <0.00001; I* = 61%, P = 0.00018; mean difference in diastolic blood pressure: —2.82 mmHg,
95% Cl —3.54 to —2.11 mmHg; P <0.00001; I? = 52%, P = 0.002). ** These differences were ob-
served in white and black patients, as well as women and men. Importantly, one RCT included in
the review (412 people with systolic/diastolic blood pressure over 120/80 mmHg, mean age 48
years, duration 30 days) directly assessed the relationship between sodium and blood pressure
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levels. % People were assigned to receive prepared food with three different target levels of
sodium intake (150, 100, and 50 mmol/day [8.6, 5.7, and 2.9 g/day]) in a crossover design. 32l
The RCT found that, for people eating a typical American diet, those in the lowest salt-intake group
(i.e., those with the greatest salt restriction) had significantly reduced systolic (mean difference
—6.7 mmHg, 95% CI —8.0 mmHg to —5.4 mmHg; P <0.001) and diastolic (mean difference

—3.5 mmHg, 95% CI —4.3 mmHg to —2.6 mmHg; P <0.001) blood pressures compared with those
with the highest salt intake. Although the greatest effect of salt reduction occurred after 1 week,
blood pressures continued to decline throu?hout the duration of the study, suggesting that effects
may be greater with longer-term follow-up.

The subsequent RCT (462 people from 200 families in rural China, including a subgroup of 237
people with hypertension; systolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg;
antihypertensive pre- treatment status not reported) assessed the effect of salt substitution versus
normal salt on blood pressure % The RCT found that salt substitution (65% sodium chloride, 25%
potassium chloride, and 10% magnesium sulfate) significantly reduced systolic blood pressure
compared with normal salt diet (100% sodium chloride) during 24 months in people with hypertension
(mean difference -4 mmHg, 95% CI —2 mmHg to —6 mmHg; P <0.05). However, there was no
significant difference between groups in change in diastolic blood pressure during 24 months (mean
difference: -0 mmHg, 95% CI -1 mmHg to +1 mmHg; P = 0. 66)

The additional RCT (92 residents of a Cape Town township aged 50-75 years and with drug-
treated mild-to-moderate hypertension; systolic blood pressure 160 mmHg or lower, diastolic blood
pressure 95 mmHg or lower) compared a modified cation content low-sodium diet (70 mmol reduction
in daily sodium intake with increased potassium, calcium, and magnesium) with a control diet (in
which the same foods were provided but of a standard commercial composition allowing for blinding).
BY The RCT found that the low-salt diet significantly reduced systolic blood pressure compared
with the control diet (final blood pressure evaluated as a mean of values recorded at weeks 4 and
8; mean difference: —-6.19 mmHg, 95% CI —11.44 mmHg to —0.94 mmHg; P = 0.021). However,
there was no significant difference between groups in diastolic blood pressure (mean difference:
—0.60 mmHg, 95% CI —3.02 mmHg to +1.83 mmHg; P = 0.626). The authors noted that the largest
effect occurred within the first 4 weeks of the intervention, with no significant difference in the
change from baseline in systolic and diastolic blood pressure between weeks 4 and 8. 3]

Harms: None of the included studies gave any information on adverse effects. 291 B0 BY please see
Comment section for further information on adverse effects.
Comment: Small RCTs tended to report larger reductions in systolic and diastolic blood pressure than larger

RCTs. This may be explained by publication bias or less-rigorous methodology in small RCTs.

In both the subsequent and additional RCTs, the group randomised to reduced-salt diet received
a salt substitute that, although lower in sodium chloride, included potassium, magnesium, and
calcium salts. Consequently, people allocated to reduced salt are also receiving supplemental
potassium, magnesium, and calcium, which are interventions of interest to this overview. In the
subsequent RCT, people receiving reduced salt (65% sodium chloride? also received potassium
(25% potassium chloride) and magnesium (10% magnesium sulfate). %l |n the additional RCT,
compared with standard salt, the salt substitute comprised 41% less sodium, 826% more potassium,
388% more calcium, and 368% more magnesium. "

The systematic review also evaluated change in systolic and diastolic blood pressure data by the
subgroups of ethnicity and sex. 9 The review found that, compared with usual salt intake, reduced
salt intake significantly reduced diastolic blood pressure in men and women and in both ethnicities
evaluated (white and black). The review carried out a sensitivity analysis to explore heterogeneity
and investigated the effects of age (mean age of participants in individual trials), ethnicity (proportion
of whites as a continuous variable), and the change in 24-hour urinary sodium. Results showed
that ethnicity and 24-hour urinary sodium were significantly associated with the fall in systolic blood
pressure. Together, age, ethnicity, and change in 24-hour urinary sodium accounted for 46% of
the variance in systolic blood pressure among studies. For diastolic blood pressure, none of the
three variables was significantly associated with the fall in diastolic blood pressure; the three vari-
ables accounted for 11% of the variance across studies. *”

Adverse effects

The TONE trial studied people with blood pressure that was controlled on only one or two antihy-
pertensive agents and found no significant harms with reduced sodium intake. Similarly the TOHP
studies (phases 1 and 2) in [patrents with high-normal blood pressure found no significant harms
with sodium reduction. # 1#° Please see the BMJ Clinical Evidence overview on Primary
prevention of CVD: diet for further detail.

© BMJ Publishing Group Ltd 2016. All rights reserved. 6



Clinical guide

We note that a Dietary Approaches to Stop Hypertension (DASH) diet is naturally low in sodium
and high in potassium, magnesium, and calcium. A DASH diet is recommended for people with
hypertension; if this diet is followed, the incremental effect of further sodium reduction is small
(1.7/1.0 mmHg). *

OPTION CALCIUM SUPPLEMENTATION

Blood pressure

Calcium supplementation compared with placebo or no supplementation Calcium supplements may reduce systolic
blood pressure by small amounts, but we don't know whether calcium supplementation reduces diastolic blood
pressure (very low-quality evidence).

Calcium plus magnesium supplementation compared with placebo Calcium plus magnesium supplementation may
be no more effective than placebo at reducing systolic and diastolic blood pressure at 24 weeks (low-quality evidence).

Calcium plus potassium supplementation compared with placebo Calcium plus potassium supplementation may be
no more effective than placebo at reducing systolic and diastolic blood pressure at 24 weeks (low-quality evidence).
Note: we found no direct information from RCTs about the effects of calcium supplementation on mortality or cardio-
vascular events in people with hypertension.

For GRADE evaluation of interventions for primary prevention of CVD: treating hypertension, see table, p
15.

Benefits: Calcium supplementation versus placebo or no supplementation:
Mortality
We found no systematic review or RCTs examining the effects of calcium supplementation on
mortality in people with primary hypertension.

Cardiovascular events
We found no systematic review or RCTs examining the effects of calcium supplementation on
cardiovascular events in people with primary hypertension.

Blood pressure

We found two systematic reviews (search date 2003 assessing the effects of calcium
supplementation on blood pressure. The reviews had different inclusion criteria, included different
RCTs in their meta-analysis, and found slightly different results, and so we discuss both reviews.
The first review included clinical trials and RCTs with a minimum length of follow-up of 2 weeks
(range of follow-up of identified RCTs was 2 to 208 weeks). The second review specified a minimum
follow-up of 8 weeks, and systolic blood pressure of 140 mmHg or greater or diastolic blood pressure
of 85 mmHg or greater with no known primary cause. B8 The review excluded RCTs in which
changes were made to antihypertensive drugs received during the course of the trial.

7] (8]
)

The first review (40 RCTs, 2492 people) assessed the effects of calcium supplementation on blood
pressure. 7] Meta-analysis of RCTs in people with hypertension (defined by the review as initial
blood pressure of 140/90 mmHg or greater) found that, compared with placebo or no treatment,
calcium supplementation (mean daily dose of 1200 mg) significantly reduced systolic and diastolic
blood pressure at 2—-208 weeks (23 RCTs, 764 people with hypertension: mean difference in change
in systolic blood pressure from baseline: —2.17 mmHg, 95% CI —3.78 mmHg to —0.55 mmHg; mean
difference in change in diastolic blood pressure from baseline: —0.95 mmHg, 95% CI —1.89 mmHg
to —0.01 mmHg).

The second review in people with hypertension (13 RCTs [all of which were identified by the first
review], 485 people) found that, compared with control (placebo, no treatment, or usual care),
calcium supplementation significantly reduced systolic blood pressure at 8 to 15 weeks (mean dif-
ference —2.53 mmHg, 95% CI —4.45 mmHg to —0.60 mmHg). B However, the review found no
significant difference between groups in diastolic blood pressure at 8 to 15 weeks (mean difference
—0.81 mmHg, 95% CI —2.07 mmHg to +0.44 mmHg). The review reported moderate heterogeneity
among RCTs in the analyses of diastolic blood pressure (P = 0.06 for diastolic blood pressure;
level of statistical significance for heterogeneity not specified). Sensitivity analyses suggested that
the poor quality of the identified RCTs (unclear level of blinding and non-reporting of standard de-
viation of results) was a source of heterogeneity. Percentage of people with CVD was zero in most
RCTs, but some RCTs did not report the proportion of people with CVD. Subgroup analyses based
on calcium dose and baseline blood pressure found similar results for treatment effect, which
suggested that dose of calcium and baseline blood pressure were not contributing to the hetero-
geneity. The review commented that, because of the poor quality of the RCTs, results of the meta-
analysis should be interpreted with caution.
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Calcium plus magnesium supplementation versus Elacebo:

We found one systematic review (search date 2003), 3% which identified one four-armed RCT
(140 people with hypertension, mean baseline systolic and diastolic blood pressures of 139 mmHg
and 90 mmHg, resPectiver) assessing the effects of supplementation with mineral combinations
on blood pressure. “I The RCT compared potassium (60 mmol) plus calcium (25 mmol; 29 people)
with potassium plus magnesium (15 mmol; 31 people) with calcium plus magnesium (34 people)
and with placebo (31 people); see option on Potassium supplementation, p 9 for data on compar-
isons involving potassium. The RCT found no significant difference between supplementation with
calcium plus magnesium and placebo in change from baseline in either systolic (mean difference
+2.1 mmHg, 95% CI —1.8 mmHg to +6.0 mmHg) or diastolic (mean difference +2.2 mmHg, 95%
Cl —1.0 mmHg to +5.4 mmHg) blood pressure at 24 weeks.

Calcium plus potassium supplementation versus placebo:
See Benefits of Potassium supplementation, p 9 .

Harms: Calcium supplementation versus placebo or no supplementation:
The first review gave no information on adverse effects. " The second systematic review found
no significant difference between calcium supplementation and control in proportion of people
withdrawing from a trial or in rate of gastrointestinal adverse effects, including diarrhoea (withdrawal
from trial: 3 RCTs, 161 people: any reason for withdrawal: 5/87 [6%)] with calcium supplementation
v 5/74 [7%] with control; RR 0.96, 95% CI 0.30 to 3.08; rate of gastrointestinal adverse effects, in-
cluding diarrhoea: 3 crossover RCTs, 178 people: 7/89 [8%] with calcium supplementation v 8/89
[9%] with control; RR 0.82, 95% CI 0.31 to 2.14). **

Calcium plus magnesium supplementation versus placebo:
The RCT gave no information on adverse effects. 1ol

Calcium plus potassium supplementation versus placebo:
See Harms of Potassium supplementation, p 9 .

Comment: Data relating specifically to people with hypertension are limited by few studies with small sample
sizes and short durations.

Clinical guide
Calcium supplements should not routinely be used to lower blood pressure given the availability
of other agents that have demonstrated effectiveness.

OPTION MAGNESIUM SUPPLEMENTATION

Blood pressure
Magnesium supplementation compared with placebo or no supplements Magnesium supplementation may be no
more effective than placebo or no supplements at reducing systolic blood pressure in people with hypertension, but
we don't know whether magnesium supplementation is more effective at reducing diastolic blood pressure (very low-
quality evidence).

Magnesium plus potassium supplementation compared with control Magnesium plus potassium supplementation
seems no more effective than control (placebo, no treatment, or usual care) at reducing blood pressure at 24 to 28
weeks (moderate-quality evidence).

Magnesium plus calcium supplementation compared with placebo Magnesium plus calcium supplementation may
be no more effective than placebo at reducing blood pressure at 24 weeks (low-quality evidence). Note: we found
no direct information from RCTs about the effects of magnesium supplementation on mortality or cardiovascular
events in people with hypertension.

For GRADE evaluation of interventions for primary prevention of CVD: treating hypertension, see table, p
15.

Benefits: Magnesium versus placebo or no supplementation:
Mortality
We found no systematic review or RCTs examining the effects of magnesium supplementation on
mortality.

Cardiovascular events

We found no systematic review or RCTs examining the effects of magnesium supplementation on
cardiovascular events.
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Harms:

Comment:

Blood pressure

We found two systematic reviews, which between them identified 18 RCTs assessing the effects
of supplementation with magnesium on blood pressure. 41 2 The reviews had different inclusion
criteria, included different RCTs in their meta-analyses, and found slightly different results, and so
we discuss both reviews. The first review included RCTSs of any length of follow-up (range of follow-
up of identified RCTs was 3 to 24 weeks), and RCTs in which concomitant antihypertensive medi-
cation was administered. " The second review specified a minimum follow-up of 8 weeks, and
systolic blood pressure of 140 mmHg or greater or diastolic blood pressure of 85 mmHg or greater
with no known primary cause. The review excluded RCTs in which changes were made to antihy-
pertensive drugs received during the course of the trial. 12l

The first review (search date 2001, 20 RCTs, 1220 people with and without hypertension and with
normal magnesium) compared the effects of magnesium supplementation versus placebo on blood
pressure. " The review performed a separate analysis of RCTs in people with hypertension (14
RCTs, 467 people, hypertension defined as average baseline systolic blood pressure over

140 mmHg or diastolic blood pressure over 90 mmHg). It found no significant difference between
magnesium supplementation (increase of 10 mmol/day) and placebo at 3 to 24 weeks in reduction
in systolic blood pressure (mean difference in change in systolic blood pressure from baseline:
—3.3 mmHg, 95% CI —6.8 mmHg to +0.1 mmHg) or diastolic blood pressure (mean difference in
change in diastolic blood pressure from baseline —2.3 mmHg, 95% CI —5.6 mmHg to +1.0 mmHg).

The second review in people with hypertension (search date 2006, 12 RCTSs, 545 people), (2]
which identified the first review, ! found that, compared with control (placebo, no treatment, or
usual care), magnesium supplementation significantly reduced diastolic blood pressure at 8 to 26
weeks (12 RCTs [3 of crossover design], 671 people: mean difference —2.15 mmHg, 95% CI
—3.40 mmHg to —0.90 mmHg; P = 0.00073; heterogeneity: I* = 47%, P = 0.03). ) However, the
review found no significant difference between groups in systolic blood pressure at 8 to 26 weeks
(mean difference —1.26 mmHg, 95% CI -3.99 mmHg to +1.47 mmHg; P = 0.37; I°=62%, P = 0.003).
Percentage of people with CVD was zero in most RCTs, but some RCTs did not report the proportion
of people with CVD. The review reported significant heterogeneity among RCTs in the analyses
of systolic and diastolic blood pressure (P = 0.003 for systolic blood pressure and P = 0.03 for di-
astolic blood pressure). The review reported that subgroup analyses indicated heterogeneity was
unlikely to be the result of variation in magnesium dose, baseline blood pressure, methods of
measuring blood pressure, or proportion of men enrolled. Potential sources of heterogeneity that
could not be subjected to subgroup analysis were use of antihypertensive medication and level of
dietary sodium or magnesium.

Magnesium plus potassium versus control:
See Benefits of Potassium supplementation, p 9 .

Magnesium plus calcium versus control:
See Benefits of Calcium supplementation, p 7 .

Magnesium versus placebo or no supplementation:

The first systematic review gave no information on adverse effects. "' The second systematic
review found no significant difference between magnesium supplementation and control in proportion
of people experiencing an adverse effect or in rate of gastrointestinal adverse effects (any adverse
effect: 6 RCTs, 330 people: 21/181 [12%] with magnesium supplementation v 19/149 [13%] with
control; Risk Difference 0.01, 95% CI —-0.04 to +0.06; gastrointestinal adverse effects: 3 RCTs, 245
people: 11/138 [8%] with magnesium supplementation v 7/107 [7%)] with control; Risk Difference
0.00, 95% CI —0.05 to +0.05). “*

Magnesium plus potassium versus control:
See Harms of Potassium supplementation, p 9 .

Magnesium plus calcium versus control:
See Harms of Calcium supplementation, p 7 .

Larger studies with higher-dose magnesium supplementation are still needed.

Clinical guide
Magnesium supplementation has no current role in the treatment of hypertension.

OPTION POTASSIUM SUPPLEMENTATION

Blood pressure
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Potassium supplementation compared with placebo or no supplementation Potassium may be more effective than
placebo or no supplementation at reducing blood pressure (low-quality evidence).

Potassium plus calcium supplementation compared with placebo Potassium plus calcium supplementation may be
no more effective than placebo at reducing systolic and diastolic blood pressure at 24 weeks (low-quality evidence).

Potassium plus magnesium supplementation compared with control Potassium plus magnesium supplementation
seems no more effective than control (placebo, no treatment, or usual care) at reducing systolic and diastolic blood
pressure at 24 to 28 weeks (moderate-quality evidence).

Adverse effects

Potassium supplements can increase serum potassium and need regular monitoring. Note: we found no direct infor-
mation from RCTs about the effects of potassium supplementation on mortality or cardiovascular events in people
with hypertension.

For GRADE evaluation of interventions for primary prevention of CVD: treating hypertension, see table, p
15.

Benefits: Potassium supplementation versus placebo or no supplementation:
Mortality
We found no systematic review or RCTs examining the effects of potassium supplementation on
mortality in people with primary hypertension.

Cardiovascular events
We found no systematic review or RCTs examining the effects of potassium supplementation on
cardiovascular events in people with primary hypertension.

Blood pressure

We found two systematic reviews (search dates 1995; “* and 2005 ““'), one additional RCT, |
and one subsequent RCT el assessing the effects of potassium supplementation on blood pressure.
The reviews had different inclusion criteria, included different RCTs in their meta-analyses, and
found different results, and so we discuss both reviews. The first review included open-label RCTs
of any length of follow-up (range of follow-up of identified RCTs was 4 days to 3 years), and RCTs
in which concomitant antihypertensive medication was administered, with the caveat that additional
treatments were equal in treatment and control groups. 3 The second review specified a minimum
follow-up of 8 weeks, and systolic blood pressure of 140 mmHg or greater or diastolic blood pressure
of 85 mmHg or greater with no known primary cause. I The review excluded RCTs in which
changes were made to antihypertensive drugs received during the course of the trial.

45]

The first review (search date 1995, 21 RCTs, 1560 adults with hypertension, and 12 RCTs, 1005
people with normal blood pressure, age range across RCTs of 19-79 years), 3 which was iden-
tified by the second review, 144l assessed the effects of potassium supplementation in the prevention
and treatment of hypertension. ) Meta-analysis of RCTs in people with hypertension (baseline

systolic and diastolic blood pressure not specified) found that, compared with placebo or no treat-
ment, potassium supplementation significantly reduced systolic and diastolic blood pressure at 4
days to 24 weeks (20 RCTs, 1512 people with hypertension: mean difference in change in systolic
blood pressure from baseline —4.4 mmHg, 95% CI —6.6 mmHg to —2.2 mmHg; mean difference in
change in diastolic blood pressure from baseline —2.5 mmHg, 95% CI —4.9 mmHg to —0.1 mmHg).
The mean reduction in systolic and diastolic blood pressure was larger in people with hypertension
than in those with blood pressure in the normal range and in those patients consuming a high-salt
diet. The authors of the review recommended potassium supplementation for the treatment of hy-
pertension.

The second review (search date 2005, 6 RCTs [all of which were identified by the first review], 483
people with hypertension) found no significant difference between potassium supplementation and
control (placebo, no treatment, or usual care) in reduction in systolic or diastolic blood pressure at
8 to 16 weeks, although the absolute mean difference between groups for both outcomes was
large (5 RCTSs, 398 people: systolic blood pressure: mean difference —11.25 mmHg, 95% CI
—25.18 mmHg to +2.68 mmHg, P = 0.11; diastolic blood pressure: WMD -5.03 mmHg, 95% CI
—12.47 mmHg to +2.42 mmHg, P = 0.19). “I The review reported significant heterogeneity among
RCTs in the analyses of systolic and diastolic blood pressure (P <0.0001 for both analyses). The
review reported that the heterogeneity was unlikely to be the result of variation in methods of
measuring blood pressure, and suggested unreported differences in study population (e.g., dietary
potassium intake) as a source of heterogeneity. Percentage of people with CVD was zero in most
RCTs, but some RCTs did not report the proportion of people with CVD. The authors of the review
also commented that follow-up of some of the RCTs included in the meta-analysis may have been
too short to draw conclusions on the effectiveness of potassium supplementation.
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The additional RCT (150 adults living in China, aged 35-64 years, blood pressure
130-159/80-94 mmHg) found that, compared with placebo, supplementation with potassium
chloride (60 mmol/day) significantly reduced systolic blood pressure at 12 weeks (mean difference
-5 mmHg, 95% CI —7.88 mmHg to —2.13 mmHg). However, it found no significant difference in
mean diastolic blood pressure between potassium chloride and placebo (mean difference

—0.63 mmHg, 95% Cl —2.49 mmHg to +1.23 mmHg). “°!

The subsequent RCT (46 adults living in the UK, mean age 51 years, blood pressure 145/91 mmHg)
was a three-armed trial with a cross-over design comparing supplementation with potassium
chloride (64 mmol/day) or potassium bicarbonate (64 mmol/day) with placebo. Pre-crossover results
at 4 weeks found no significant difference in mean systolic (P = 0.344 among groups) or diastolic
(P = 0.261 among groups) blood pressures (mean 145/91 mmHg on placebo, 142/90 mmHg on
potassium chloride, and 144/90 mmHg on potassium bicarbonate, 42 people in this analysis). el
See Comment section, p 9 for further discussion of trials not meeting BMJ Clinical Evidence in-
clusion criteria.

Potassium plus calcium supplementation versus placebo:

We found one systematic review (search date 2003), *I' which identified one four-armed RCT
(140 people with hypertension, mean baseline systolic and diastolic blood pressures of 139 mmHg
and 90 mmHg, resPectiver) assessing the effects of supplementation with mineral combinations
on blood pressure. “” The RCT compared potassium (60 mmol) plus calcium (25 mmol; 29 people)
with potassium plus magnesium (15 mmol; 31 people) with calcium plus magnesium (34 people)
and with placebo (31 people); see option on Calcium supplementation, p 7 for data on comparison
of calcium plus magnesium with placebo (31 people). The RCT found no significant difference be-
tween supplementation with potassium plus calcium and placebo in change from baseline in either
systolic (mean difference —0.7 mmHg, 95% CI —4.3 mmHg to +2.9 mmHg) or diastolic (mean differ-
ence —0.4 mmHg, 95% CI —2.9 mmHg to +2.1 mmHg) blood pressure at 24 weeks.

Potassium plus magnesium supplementation versus placebo:

We found one systematic review (search date 2003, 3 RCTs, 277 people with hypertension) as-
sessing the effects of supplementation with combined potassium plus magnesium on blood pressure.
B9 The review found no significant difference between supplementation with potassium plus
magnesium and control (placebo, no treatment, or usual care) in reduction in systolic and diastolic
blood pressure at 24 to 28 weeks, although there was a difference between groups in favour of
mineral supplementation for both outcomes (3 RCTSs: systolic blood pressure: mean difference
—4.64 mmHg, 95% CIl -9.94 mmHg to +0.66 mmHg, P = 0.086; diastolic blood pressure: mean
difference —3.84 mmHg, 95% CI -9.47 mmHg to +1.79 mmHg, P = 0.18). The review reported
significant heterogeneity among RCTs in the analyses of systolic and diastolic blood pressure

(P = 0.04 for systolic blood pressure; P = 0.001 for diastolic blood pressure). Sources of hetero-
geneity were baseline characteristics of the people enrolled, methods of assessing blood pressure
outcomes, and ingested dose and method of administration of mineral supplements. Sensitivity
analysis using alternative reported values, which accounted for missing data, resulted in the change
in systolic blood pressure becoming significant (mean difference —5.77 mmHg, 95% Cl —-10.53 mmHg
to—1.02 mmHg, P = 0.017; heterogeneity across RCTSs significant: I>=75%, P = 0.02); the difference
in diastolic blood pressure remained non-significant (mean difference —3.19 mmHg, 95% CI
—7.58 mmHg to +1.20 mmHg, P = 0.15; heterogeneity across RCTSs significant: I =84%, P = 0.002).

Harms: Potassium supplementation versus placebo or no supplementation:
The systematic review “? and subsequent RCT **! gave no information on adverse effects. In the
Cochrane review, ““ one trial reported minimal side effects with potassium supplementation, in-
cluding abdominal discomfort.

Potassium plus calcium supplementation versus placebo:
Only mild adverse effects were reported. faal

Potassium plus magnesium supplementation versus placebo:

The review found no significant difference between supplementation with potassium plus magnesium
and control in proportion of people withdrawing from treatment (no further information on reasons
for withdrawal given) (2 RCTs, 171 people: 8/85 [9%] with mineral supplement v 7/86 [8%] with
control; Risk difference: —0.01, 95% CI —-0.07 to +0.05). B9 The review stated that all three RCTs
reported mild adverse effects associated with mineral supplementation, but two RCTs gave no
further information on the types of adverse effect. Lack of information on adverse effects precluded
pooling of data by the review.

Comment: One systematic review, which included a meta analysis of 17 RCTSs, did not meet BMJ Clinical
Evidence inclusion criteria is included here in the Comment section because this is a large meta-
analysis and the results are of clinical interest. It did not meet out inclusion criteria because it focused
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on potassium intake, not explicitly potassium supplementation; included people with and without
hypertension (there was a lack of clarity on which interventions were used as comparisons for the
subgroup analysis in people with hypertension); and it was difficult to elicit from the reporting which
individual RCTs had been included and whether these overlapped with the RCTs in the other sys-
tematic reviews included in our analysis. The meta-analysis demonstrated a significant reduction
in systolic (by 5.3 mmHg [95%CI 3.4 mmHg to 7.2 mmHg]) and diastolic (by 3.1 mmHg [95% CI
1.7 mmHg to 4.5 mmHg]) blood pressure with increased potassium intake (either diet or supple-
mentation) compared with control in patients with hypertension. 4"l Reductions in blood pressure
were noted at 90-120 mmol/day of potassium. Reductions were seen with both increased dietary
potassium intake and potassium supplementation. The analysis also identified no increased lipids
or deterioration of renal function from the available data.

Clinical guide

The evidence for potassium supplementation shows that it may reduce blood pressure, especially
among hypertensive patients and those consuming a high-salt diet. As with any other potential
treatment, the decision to increase potassium intake or begin potassium supplements should be
discussed initially with a healthcare worker. Careful follow-up and monitoring is required. Increased
potassium intake should be used with caution in patients with chronic kidney disease, those who
have high-normal potassium levels, or in those already taking medications that will raise potassium.
There is no current evidence favouring combinations of supplements with potassium, calcium, or
magnesium to lower blood pressure given the paucity and significant heterogeneity of existing trials.

In addition, the Dietary Approaches to Stop Hypertension (DASH) diet, which is widely recommended
in people with hypertension, is rich in potassium, calcium, and magnesium and low in sodium. If
one follows a DASH diet, the incremental benefit of superimposed potassium supplementation is
unknown. ¢!

Low-quality evidence Further research is very likely to have an important impact on our confidence in the estimate
of effect and is likely to change the estimate.

Moderate-quality evidence Further research is likely to have an important impact on our confidence in the estimate
of effect and may change the estimate.

Very low-quality evidence Any estimate of effect is very uncertain.

Mediterranean-style diet New option. One systematic review added. 2] Categorised as 'likely to be beneficial'.

30] [31

Low-salt diet (including the DASH diet) One systematic review updated. 29 Two RCTs added. ] Categori-

sation unchanged as 'likely to be beneficial'.

Magnesium supplementation One systematic review updated. [42) Categorisation unchanged (unknown effective-
ness).

Potassium supplementation One RCT added. 146) Categorisation changed from 'unknown effectiveness' to 'likely
to be beneficial'.

1.  Plaisted CS, Lin PH, Ard JD, et al. The effects of dietary patterns on quality of 9.  Mente A, O'Donnell MJ, Rangarajan S, et al; PURE Investigators. Association
life: a substudy of the Dietary Approaches to Stop Hypertension trial. J Am Diet of urinary sodium and potassium excretion with blood pressure. N Engl J Med
Assoc 1999(8 Suppl):S84-S89.[PubMed] 2014;371:601-611.[PubMed]

2. World Health Organization; International Society of Hypertension Writing Group. ~ 10. O'Donnell M, Mente A, Yusuf S. Sodium and cardiovascular disease. N Engl J
2003 WHO/ISH statement on management of hypertension. J Hypertens Med 2014;371:2137-2138.[PubMed]
2003;21:1983-1992.[PubMed] 11. Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment of burden of

3. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint National disease and injury attributable to 67 risk factors and risk factor clusters in 21 re-
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood gions, 1990-2010: a systematic analysis for the Global Burden of Disease Study
Pressure. Hypertension 2003;42:1206-1252.[PubMed] 2010. Lancet 2012;380:2224—-2260.[PubMed]

4.  Gueyffier F, Froment A, Gouton M. New meta-analysis of treatment trials of hy- 12. World Health Organization. Raised blood pressure: situation and trends. Global
pertension: improving the estimate of therapeutic benefit. J Hum Hypertens Health Observatory (GHO) data. 2015. Available at
1996;10:1-8.[PubMed] http://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/

5. Law M, Wald N, Morris J. Lowering blood pressure to prevent myocardial infarction (last accessed 6 August 2015).
and stroke: a new preventative strategy. Health Technol Assess 13. Kearney PM, Whelton M, Reynolds K, et al. Global burden of hypertension:
2003;7:1-94.[PubMed] analysis of worldwide data. Lancet 2005;365:217-223.[PubMed]

6.  Staessen JA, Gasowski J, Wang JG, et al. Risks of untreated and treated isolated ~ 14. Adeloye D, Basquill C. Estimating the prevalence and awareness rates of hyper-
systolic hypertension in the elderly: meta-analysis of outcome trials. Lancet tension in Africa: a systematic analysis. PLoS One 2014;9:e104300.[PubMed]
2000;355:865-872.[PubMed] 15. Labarthe, Darwin R. High blood pressure. In: Epidemiology and prevention of

7.  Henderson L, Gregory J, Swan G. National diet and nutrition survey: adults aged cardiovascular diseases: a global challenge. Gaithersburg, MD: Aspen Publishers,
19 to 64 years. Types and quantities of foods consumed. London; Stationery 1998:226.

Office, 2002. 16. Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and control

8.  Blanck HM, Gillespie C, Kimmons JE, et al. Trends in fruit and vegetable con- of hypertension in the United States, 1988-2000. JAMA
sumption among US men and women, 1994-2005. Prev Chronic Dis 2003;290:199-206.[PubMed]
2008;5:A35.[PubMed] 17.  Kannel WB. Blood pressure as a cardiovascular risk factor: prevention and

treatment. JAMA 1996;275:1571-1576.[PubMed]

© BMJ Publishing Group Ltd 2016. All rights reserved. 12


http://www.ncbi.nlm.nih.gov/pubmed/10450299
http://www.ncbi.nlm.nih.gov/pubmed/14597836
http://www.ncbi.nlm.nih.gov/pubmed/14656957
http://www.ncbi.nlm.nih.gov/pubmed/8642184
http://www.ncbi.nlm.nih.gov/pubmed/14604498
http://www.ncbi.nlm.nih.gov/pubmed/10752701
http://www.ncbi.nlm.nih.gov/pubmed/18341771
http://www.ncbi.nlm.nih.gov/pubmed/25119606
http://www.ncbi.nlm.nih.gov/pubmed/25427117
http://www.ncbi.nlm.nih.gov/pubmed/23245609
http://www.ncbi.nlm.nih.gov/pubmed/15652604
http://www.ncbi.nlm.nih.gov/pubmed/25090232
http://www.ncbi.nlm.nih.gov/pubmed/12851274
http://www.ncbi.nlm.nih.gov/pubmed/8622248

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Padwal R, Straus SE, McAlister FA. Evidence based management of hyperten-
sion. Cardiovascular risk factors and their effects on the decision to treat hyper-
tension: evidence based review. BMJ 2001;332:977-980.[PubMed]

Klein R, Klein BE, Moss SE. The relation of systemic hypertension to changes

in the retinal vasculature: the Beaver Dam Eye Study. Trans Am Ophthalmol Soc
1997;95:329-348.[PubMed]

Lederle FA, Johnson GR, Wilson SE, et al. Prevalence and associations of ab-
dominal aortic aneurysms detected through screening. Aneurysm Detection and
Management (ADAM) Veterans Affairs Cooperative Study Group. Ann Intern
Med 1997;126:441-449.[PubMed]

World Health Organization. A global brief on hypertension: silent killer, global
public health crisis. April 2013. Available at http://who.int/cardiovascular_dis-
eases/publications/global_brief_hypertension/en/ (last accessed 6 August 2015).
Rapsomaniki E, Timmis A, George J, et al. Blood pressure and incidence of
twelve cardiovascular diseases: lifetime risks, healthy life-years lost, and age-
specific associations in 125 million people. Lancet 2014;383:1899-1911.[PubMed]
Ferrucci L, Furberg CD, Phennix BW, et al. Treatment of isolated systolic hyper-
tension is most effective in older patients with high risk profile. Circulation
2001;104:1923-1926.[PubMed]

Miura K, Daviglus ML, Dyer AR, et al. Relationships of blood pressure to 25-year
mortality due to coronary heart disease, cardiovascular diseases, and all causes
in young adult men: the Chicago Heart Association Detection Project in Industry.
Arch Intern Med 2001;161:1501-1508.[PubMed]

Rees K, Hartley L, Clarke A, et al. 'Mediterranean' dietary pattern for the primary
prevention of cardiovascular disease. In: The Cochrane Library, Issue 10, 2013.
Chichester, UK: John Wiley & Sons, Ltd. Search date 2012.

Sofi F, Abbate R, Gensini GF, et al. Accruing evidence on benefits of adherence
to the Mediterranean diet on health: an updated systematic review and meta-
analysis. Am J Clin Nutr 2010;92:1189-1196.[PubMed]

Howard BV, Van Horn L, Hsia J, et al. Low-fat dietary pattern and risk of cardio-
vascular disease: the Women's Health Initiative Randomized Controlled Dietary
Modification Trial. JAMA 2006;295:655-666.[PubMed]

Estruch R, Ros E, Salas-Salvadé J, et al; PREDIMED Study Investigators. Pri-
mary prevention of cardiovascular disease with a Mediterranean diet. N Engl J
Med 2013;368:1279-1290. [Erratum in: N Engl J Med 2014;370:886.][PubMed)]
He FJ, Li J, MacGregor GA. Effect of longer-term modest salt reduction on blood
pressure. In: The Cochrane Library, Issue 10, 2013. Chichester, UK: John Wiley
& Sons, Ltd. Search date 2012.

Zhou B, Wang HL, Wang WL, et al. Long-term effects of salt substitution on blood
pressure in a rural north Chinese population. J Hum Hypertens
2013;27:427-433.[PubMed]

Charlton KE, Steyn K, Levitt NS, et al. A food-based dietary strategy lowers blood
pressure in a low socio-economic setting: a randomised study in South Africa.
Public Health Nutr 2008;11:1397-1406.[PubMed)]

Sacks FM, Svetkey LP, Vollmer WM, et al; DASH-Sodium Collaborative Research
Group. Effects on blood pressure of reduced dietary sodium and the Dietary
Approaches to Stop Hypertension (DASH) diet. N Engl J Med
2001;344:3-10.[PubMed]

Obarzanek E, Proschan MA, Volimer WM, et al. Individual blood pressure re-

sponses to changes in salt intake: results from DASH Sodium trial. Hypertension
2003;42:459-467.[PubMed]

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Appel LJ, Espeland MA, Easter L, et al. Effects of reduced sodium intake on hy-
pertension control in older individuals: results from the Trial of Nonpharmacolog-
ical Interventions in the Elderly (TONE). Arch Intern Med
2001;161:685-693.[PubMed]

Whelton PK, Appel L, Charleston J, et al. The effects of nonpharmacologic inter-
ventions on blood pressure of persons with high normal levels. Results of the
Trials of Hypertension Prevention, Phase |. JAMA 1992;267:1213-1220.[PubMed)]
The Trials of Hypertension Prevention Collaborative Research Group. Effects of
weight loss and sodium reduction intervention on blood pressure and hypertension
incidence in overweight people with high-normal blood pressure. The Trials of
Hypertension Prevention, phase II. Arch Intern Med 1997;157:657-667.[PubMed]

van Mierlo LA, Arends LR, Streppel MT, et al. Blood pressure response to calcium
supplementation: a meta-analysis of randomized controlled trials. J Hum Hyper-
tens 2006;20:571-580.[PubMed)]

Dickinson HO, Nicolson DJ, Cook JV, et al. Calcium supplementation for the
management of primary hypertension in adults. In: The Cochrane Library, Issue
10, 2013. Chichester, UK: John Wiley & Sons, Ltd. Search date 2005.

Beyer FR, Dickinson HO, Nicolson DJ, et al. Combined calcium, magnesium and
potassium supplementation for the management of primary hypertension in adults.
In: The Cochrane Library, Issue 10, 2013. Chichester, UK: John Wiley & Sons,
Ltd. Search date 2005.

Sacks FM, Brown LE, Appel L, et al. Combinations of potassium, calcium, and
magnesium supplements in hypertension. Hypertension
1995;26:950-956.[PubMed)]

Jee S, Miller E 3rd, Gualler E, et al. The effect of magnesium supplementation
on blood pressure: a meta-analysis of randomized clinical trials. Am J Hypertens
2002;15:691-696.[PubMed]

Dickinson HO, Nicolson DJ, Campbell F, et al. Magnesium supplementation for
the management of essential hypertension in adults. In: The Cochrane Library,
Issue 10, 2013. Chichester, UK: John Wiley & Sons, Ltd. Search date 2006.

Whelton PK, He J, Cutler JA, et al. Effects of oral potassium on blood pressure:
meta-analysis of randomized controlled clinical trials. JAMA
1997;277:1624-1632.[PubMed)]

Dickinson HO, Nicolson DJ, Campbell F, et al. Potassium supplementation for
the management of primary hypertension in adults. In: The Cochrane Library,
Issue 10, 2013. Chichester, UK: John Wiley & Sons, Ltd. Search date 2005.

Gu D, He J, Wu X, et al Effect of potassium supplementation on blood pressure
in Chinese: a randomized placebo-controlled trial. J Hypertens
2001;19:1325-1331.[PubMed)]

He FJ, Marciniak M, Carney C, et al. Effects of potassium chloride and potassium
bicarbonate on endothelial function, cardiovascular risk factors, and bone turnover
in mild hypertensives. Hypertension 2010;55:681-688.[PubMed]

Aburto NJ, Hanson S, Gutierrez H, et al. Effect of increased potassium intake
on cardiovascular risk factors and disease: systematic review and meta-analyses.
BMJ. 2013;346:f1378.[PubMed]

Al-Solaiman'Y, Jesri A, Mountford WK, et al. DASH lowers blood pressure in
obese hypertensives beyond potassium, magnesium and fibre. J Hum Hypertens
2010;24:237-246.[PubMed]

Raj Padwal
Department of Medicine
University of Alberta
Edmonton

Canada

Daniel Hackam
Divisions of Clinical Pharmacology

Clinical Neurological Science, and Epidemiology and Biostatistics, University of Western Ontario

Ontario
Canada

Nadia Khan

Centre for Health Evaluation and Outcome Sciences
University of British Columbia

Vancouver

Canada

Sheldon Tobe

Professor in Medicine

Northern Ontario School of Medicine
University of Toronto

Toronto

Canada

Competing interests: RP and DH declare that they have no competing interests. NK is a volunteer at Hypertension Canada, an organisation that promotes healthy eating and

salt reduction, while ST is an AbbVie National coordinator for the SONAR study.

We would like to acknowledge the previous contributors of this review, including Joseph Cheriyan, Kevin M. O'Shaughnessy, and Morris J. Brown.

© BMJ Publishing Group Ltd 2016. All rights reserved.

13


http://www.ncbi.nlm.nih.gov/pubmed/11312234
http://www.ncbi.nlm.nih.gov/pubmed/9440178
http://www.ncbi.nlm.nih.gov/pubmed/9072929
http://www.ncbi.nlm.nih.gov/pubmed/24881994
http://www.ncbi.nlm.nih.gov/pubmed/11602495
http://www.ncbi.nlm.nih.gov/pubmed/11427097
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://www.ncbi.nlm.nih.gov/pubmed/16467234
http://www.ncbi.nlm.nih.gov/pubmed/23432189
http://www.ncbi.nlm.nih.gov/pubmed/23254595
http://www.ncbi.nlm.nih.gov/pubmed/18752692
http://www.ncbi.nlm.nih.gov/pubmed/11136953
http://www.ncbi.nlm.nih.gov/pubmed/12953018
http://www.ncbi.nlm.nih.gov/pubmed/11231700
http://www.ncbi.nlm.nih.gov/pubmed/1586398
http://www.ncbi.nlm.nih.gov/pubmed/9080920
http://www.ncbi.nlm.nih.gov/pubmed/16673011
http://www.ncbi.nlm.nih.gov/pubmed/7490154
http://www.ncbi.nlm.nih.gov/pubmed/12160191
http://www.ncbi.nlm.nih.gov/pubmed/9168293
http://www.ncbi.nlm.nih.gov/pubmed/11446724
http://www.ncbi.nlm.nih.gov/pubmed/20083724
http://www.ncbi.nlm.nih.gov/pubmed/23558164
http://www.ncbi.nlm.nih.gov/pubmed/19626043

Disclaimer

The information contained in this publication is intended for medical professionals. Categories presented in Clinical Evidence indicate a
judgement about the strength of the evidence available to our contributors prior to publication and the relevant importance of benefit and
harms. We rely on our contributors to confirm the accuracy of the information presented and to adhere to describe accepted practices.
Readers should be aware that professionals in the field may have different opinions. Because of this and regular advances in medical research
we strongly recommend that readers' independently verify specified treatments and drugs including manufacturers' guidance. Also, the
categories do not indicate whether a particular treatment is generally appropriate or whether it is suitable for a particular individual. Ultimately
it is the readers' responsibility to make their own professional judgements, so to appropriately advise and treat their patients. To the fullest
extent permitted by law, BMJ Publishing Group Limited and its editors are not responsible for any losses, injury or damage caused to any
person or property (including under contract, by negligence, products liability or otherwise) whether they be direct or indirect, special, inci-
dental or consequential, resulting from the application of the information in this publication.
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TABLE GRADE evaluation of interventions for primary prevention of CVD: hypertension

Important out-
comes Mortality (all-cause and cardiovascular), cardiovascular events (Ml, stroke, congestive heart failure, and coronary heart disease), renal outcomes, blood pressure, adverse effects

Number of studies Type of Consisten- Direct- Effect

(participants) Outcome Comparison evidence Quality cy ness size GRADE Comment

What are the effects of selected dietary modification for people with hypertension?

2 (275) 2

24 (1520) 29 130
f31)

40 (at least 2492)
[37]" [38]

1 (65) 9!
18 (at least 545)
[41]" [42]

23 (1756) [*31 144
[45] " [46]

1(60) 1“0

3 (277) B9

Type of evidence: 4 = RCT; 2 = Observational; 1 = Non-analytical/expert opinion.

Blood pressure

Blood pressure

Blood pressure

Blood pressure

Blood pressure

Blood pressure

Blood pressure

Blood pressure

Mediterranean diet v normal
diet

Salt reduction v normal intake

Calcium supplementation v
placebo or no supplementa-
tion

Calcium plus magnesium
supplementation v placebo

Magnesium supplementation
v placebo or no supplementa-
tion

Potassium supplementation v
placebo or no supplementa-
tion

Potassium plus calcium sup-
plementation v placebo

Potassium plus magnesium
supplementation v control

Consistency: similarity of results across studies.
Directness: generalisability of population or outcomes.
Effect size: based on relative risk or odds ratio.
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4

-1

-1

-1

-1

+1

-1

-2

=i

-1

-1

-2

-1

-1

-1

=il

=il

Low

Low

Very low

Low

Very low

Low

Low

Moderate

Consistency point deducted for heterogeneity in
population characteristics; directness point deducted
for borderline hypertensive baseline systolic and dias-
tolic blood pressure in both RCTs and comorbidity
with metabolic syndrome

Quality point deducted for methodological flaws across
RCTs; consistency point added for dose response;
directness points deducted for uncertainty of diagnos-
tic measurement in some studies and for use of an
intervention in which sodium, potassium, and magne-
sium were supplemented (2 RCTS)

Quiality point deducted for poor follow-up; consistency
point deducted for statistical heterogeneity among
RCTs; directness point deducted for subgroup analy-
sis in one SR

Quality point deducted for sparse data; directness
point deducted for borderline hypertensive baseline
systolic blood pressure

Consistency points deducted for conflicting results
and for statistical heterogeneity among RCTSs; direct-
ness point deducted for subgroup analysis in one SR

Consistency point deducted for statistical heterogene-
ity among RCTSs; directness point deducted for sub-
group analysis in one SR

Quality point deducted for sparse data; directness
point deducted for borderline hypertensive baseline
systolic blood pressure

Consistency point deducted for statistical heterogene-
ity among RCTs
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